SUMMARY A simple technique for measuring gastrointestinal transit times using radioopaque pellets of barium-impregnated polythene has been developed and validated. A normal range has been established by studying 25 normal subjects; all passed the first marker within three days and most passed 80 % of the markers within five days.
No simple quantitative method for measuring gastrointestinal transit times ig currently available. The quantitative methods used at present tend to be complex or time-consuming; the simple methods give information only about the rate of passage of the first or the final parts, but not the main bulk, of the marker. The quantitative method described here, in which radioopaque pellets are used as markers, has the advantage that the passage of the markers may be simply observed either by taking serial radiographs of the abdomen or of the stools.
METHOD
THE MARKERS Initial studies were made using solid cylindrical pellets, 2, 3, or 5 mm in diameter, punched from sheets of polythene, 3 mm thick, containing 20% (w/w) of barium sulphate. The specific gravity of the material was 1-05 so that the weights of the pellets were 12, 21, and 55 mg respectively for the three sizes. The two larger pellets proved the most useful.
The material from which these solid pellets were made is not generally available so a second type -of marker was prepared by cutting 3 mm segments from radioopaque polythene tubing1 of 2.7, 3.7, and 4.5 mm external diameter. The specific gravity of the material was 1.19 and the weights of these hollow pellets was 14, 20, and 20 mg for the three sizes.
STOOL COLLECTION Ii the stools are to be radiographed a method is required by which the stools may be collected simply and completely, without direct handling, and such that they may be transported to the X-ray Department in a convenient container free from smell. This has been achieved by collecting the stools in a 10 x 10 in. PVC or polythene bag suspended over the lavatory pan by means of a metal frame (Fig. la) A new methodfor studying gut tranm frame consists of a ring, 6 in. in diameter, supported by four detachable arms, the flanged upper edge of the ring being 11 in. below the top of the pan. Using this device urine and faeces can be completely separated. The bag is attached to the ring by an elastic band placed below the flange and after defaecation the subject detaches the bag and seals the neck with another rubber band (Fig. lb) . The bag is labelled and stored in an airtight tin. For transport to the Radiographic Department the problem of smell is avoided by enclosing the bag in a second polythene bag and the nature of the specimen is concealed by enclosing this in a non-transparent paper bag (Fig. ic) .
MEASUREMENT OF TRANSIT TIMES The pellets are easy to swallow if taken with a drink. A known number of pellets, usually 20, is administered and the disappearance of the pellets from the gut or the appearance of the pellets in the stool is observed by serial radiographs. The time taken to pass the first pellet, a proportion of the pellets, or all the pellets may be noted. In practice the last one or two pellets tend to be disproportionately delayed and the most satisfactory way of expressing the results was found to be as the times taken for the passage of the first and of 80% of the markers.
When radiographs are taken of the stools it is important to flatten the stool so that one pellet does not obscure another. For the abdomen, a fastfilmand high KV may be used as detail is not required. It is important that the film should include the whole abdomen and the pelvis (Fig. 2) given. The stools were counted in a large-volume, well-type scintillation counter and the proportion of the administered dose in each stool was calculated with reference to a standard solution. The comparisons were made in two groups: normals and patients with an intact gut, and patients with ileostomies to make the comparison through the upper gut. The results are shown in Table IlIa and IIlb. This shows that while in both groups the A comparison was also made between the transit rates of the pellets and of two simultaneously administered gelatin capsules of powdered carmine. It was only possible to compare the transit times for the first and last red colour as there is no simple method available for measuring carmine in the stool. In 30 comparisons the times for the first markers and the first apperance of the carmine were the same on 25 occasions, the markers being slower on four occasions and faster once. For 100 % of markers and the last visible carmine the times were the same on 16 occasions, the markers being slower in eight instances and faster in six.
SIDE EFFECTS In all, approximately 13,000 solid pellets and 1,000 hollow pellets were given to 30 normal subjects and 129 patients. One normal subject and three patients (all ileostomists) complained of abdominal pain during a study. In the three patients there was no radiological evidence of obstruction. The normal subjects did not consider that taking the markers altered their bowel habit.
RESULTS IN NORMAL SUBJECTS
Transit times were measured by taking radiographs of the stools in 25 normal male subjects, members of the hospital staff and medical students. They all considered themselves to be free of bowel symptoms. The age distribution of the subjects was < 20 years, two; 20-29 years, eight; 30-39 years, 14, and > 40 years, one. Markers were taken immediately before breakfast. The results are shown in Table IV . It will be seen that all subjects passed the first marker within 66 hours (three days) and that all except one passed 80 % of the markers within 114 hours (five days). The distribution of the transit times in the 25 subjects is shown in Table V . (Hansky and Connell, 1962; Davignon, Simmonds, and Ahrens, 1968) and  TABLE V 140 lanthanum (Hayes, Carlton, and Nelson, 1964) This was also the case in six of the 10 studies of DISCUSSION Hansky and Connell (1962) (1924) have questioned the validity of the method, ful measurement of gut transit rate must not be stating that amounts of 60 g of barium sulphate absorbed but measurable and completely recoverable increase the transit rate above normal, whereas in the stool, must travel at a similar rate to the normal others (Barclay, 1936) have not found this to be contents, and must not alter the activity of the gut. the case. The radioopaque pellets described here are clearly
The usefulness of insoluble coloured powders not absorbed and recovery rates in excess of 98 % such as carmine and charcoal is also limited by have been obtained in clinical use. Direct proof the fact that only the first and last of the marker that markers are travelling at the same rate as.
food residues is difficult and has not been obtained for any marker. However, the observations that these markers have similar specific gravity to the gut content, and that the pellets travelled at similar rates to a liquid and a finely powdered marker, are good indirect evidence. The pellets are quite inert and there was nothing to suggest any alteration in gut activity. Quantitation is simple as the transit of the markers through the gut can be followed with serial radiographs of the subject, with or without radiographs of the stool.
A difficulty arises when expressing the results in the conversion from hours to days. The best dividing line between one day and the next is the period of sleep. Since defaecation may occur soon after the end of the sleeping period the actual dividing line is made at the beginning of sleep. Since the markers are given at breakfast time the length of the first day is not likely to be more than 18 hours. Day 1 is therefore taken as the first 18 hours after taking the markers, subsequent days being 24-hour increments on this figure. Thus day 2 ends at 42 hours, day 3 at 66 hours, day 4 at 90 hours, and so forth.
The results on the 25 normal male subjects in Table IV show that all subjects had passed their first markers by the end of the third day and all but one had passed 80 % by the end of the fifth day. This provides an upper limit of normal for transit time. Likewise at the lower limit, no normal subject had passed 80 % of the markers at the end of the first day.
It is difficult to compare our results for normal male subjects with those obtained by others because their results are expressed in several different ways and some workers have allowed the markers to be ingested at different times of the day. Only Alvarez and Freedlander (1924) used a technique where the time for the passage of both first and 80 % of markers could be estimated. Of their eight subjects all had passed their first markers by the end of the third day but only six had passed 80% by the end of the fifth day, the other two taking more than nine days. This longer time for passage of 80 % of markers as compared with our results is probably due to the slower transit rate of the beads which had a specific gravity of approximately 2-0.
